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I. Members of the team 
This Global Food Security-support Analysis Data (GFSAD) Landsat-derived Global Rainfed and 

Irrigated-Cropland Product @ 30-m (LGRIP30) of the World (GFSADLGRIP30WORLD) was 

produced by the following team members. Their specific role is mentioned below: 

 

Dr. Pardhasaradhi Teluguntla, Research Scientist, Bay Area Environmental Research Institute 

(BAERI) co-led (with Prasad) the GFSADLGRIP30WORLD product generation effort. Dr. Telu-

guntla was instrumental in the designing, coding, computing, analyzing, and synthesis of the Land-

sat-derived Global Rainfed and Irrigated-Cropland Product @ 30-m (LGRIP30) for the nominal 

year 2015. He was also instrumental in writing the manuscripts, ATBDs, and user documentations. 

 

Dr. Prasad S. Thenkabail, Senior Scientist (ST), United States Geological Survey, is the Princi-

pal Investigator (PI) of the GFSAD project. Dr. Thenkabail was instrumental in developing the 

conceptual framework of the GFSAD project and co-led the (with Pardha) design and development 

of the Landsat-derived Global Rainfed and Irrigated-Cropland Product @ 30-m (LGRIP30) for the 

nominal year 2015. He was also instrumental in writing the manuscripts, ATBDs, and user docu-

mentations. 

 

Mr.  Adam Oliphant, Geographer, United States Geological Survey (USGS), shared his expertise 

in cloud computing and Machine Learning Algorithm implementation in Google Earth Engine 

(GEE) for LGRIP30 product generation. 

 

Dr. Murali  Krishna Gumma, Principal Scientist at the International Crops Research Institute for 

the Semi-Arid Tropics (ICRISAT), helped collect reference data used in the machine learning al-

gorithms and in validation of the LGRIP30 products. 

 

Dr. Itiya  Aneece, Research Geographer, United States Geological Survey (USGS), provided val-

uable insights through discussions on the cloud computing aspects and methodological aspects of 

the LGRIP30 products. 

 

Mr.  Daniel Foley, Geographer, United States Geological Survey (USGS), provided valuable in-

sights during product development and its validations. 

 

Mr . Richard McCormick , Student developer, helped in development of the croplands.org web-

site and in tiling LGRIP30 products for LP DAAC. 

https://plus.google.com/117927604440673369842
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Summary 
 

This algorithm theoretical basis document (ATBD) presents and discusses the Landsat-derived 

Global Rainfed and Irrigated-area Product @ 30m (LGRIP30) for the nominal year 2015. The 

LGRIP30 product was evaluated for accuracies, errors, and uncertainties. The resulting error ma-

trix showed an overall accuracy of 86.5%. The irrigated class has a producerôs accuracy of 86.7% 

and userôs accuracy of 84.3%. The rainfed class has a producerôs accuracy of 86.3% and userôs 

accuracy of 88.4%.  
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Abstract 
Climate variability and ballooning populations are putting unprecedented pressure on agricultural 

croplands and their water use, which are vital for ensuring global food and water security in the 

twenty-first century. In addition, the COVID-19 pandemic, military conflicts, and changing diets 

have added to looming global food insecurity. Therefore, there is a critical need to produce con-

sistent and accurate global cropland products at fine spatial resolution (e.g., farm-scale, 30m or 

better), which are generated consistently, accurately, and routinely (e.g., every year). In this regard, 

earlier we produced the worldôs first Landsat-derived global cropland extent product @ 30m 

(GCEP30) (Thenkabail et al., 2021; download @ LP DAAC) funded by NASA MEaSUREs and 

USGS. The high impact of our previously-funded NASA GFSAD products such as Landsat-derived 

global cropland extent product @30m or  GCEP30, 1km cropland dominance, and 1km irrigated 

versus rainfed is demonstrated by the use of these data by 126 countries during 2018-2021 (97 

countries in 2021 alone, 72 countries in 2022 alone), continued  average downloads every month 

by about 20 countries, publication of 12 key peer-reviewed articles which already have about 1500 

citations in a short time-period (2017-present), and use for a wide range of applications. There-

fore, the overarching goal of this continuity global food security-support analysis data (GFSAD) 

project is to develop comprehensive data and products in support global food and water security 

in the twenty-first Century. This is achieved by developing cropland models, maps, and monitoring 

tools leading to a wide array of products using machine learning algorithms (MLAs), satellite sen-

sor based big-data analytics, and cloud-computing. We focus on producing three distinct Landsat-

derived global cropland products in this new GFSAD project:  

1. Global Rainfed and Irrigated Product @ 30m (LGRIP30).  

2. Global Cropping Intensity Product @ 30m (LGCIP30) & 

3. Global Crop Type Products @ 30m (LGCTY30)  

 

This algorithm theoretical basis document (ATBD) presents and discussed Landsat-derived Global 

Rainfed and Irrigated-area Product @ 30m (LGRIP30) for the nominal year 2015. The LGRIP30 

cropland product was generated using Landsat-8 time-series data, multiple supervised and unsu-

pervised Machine learning algorithms (MLAs) such as random forest, support vector machines, 

decision trees, ISOCLASS clustering, and spectral matching techniques (e.g., Thenkabail et al., 

2021, Oliphant et al., 2019, Teluguntla et al., 2018, 2015, Xiong et al., 2017a, Thenkabail et al., 

2012, 2009, 2007, 2005) as outlined in the methods section, utilizing the Google Earth Engine 

(GEE) and\or other cloud platforms.  

 

All  crop products were evaluated for accuracies, errors, and uncertainties using independent da-

taset. The resulting error matrix showed an overall accuracy of 86.5%. The irrigated class has a 

producerôs accuracy of 86.7% (errors of omissions of = 13.3%) and userôs accuracy of 84.3% 

(errors of commissions = 15.7%). The rainfed class has a producerôs accuracy of 86.3% (errors of 

omissions of = 13.7%) and userôs accuracy of 88.4% (errors of commissions = 11.6%). The 

LGRIP30 determined total global net irrigated area (TGNIA) of 1,802,929,008 hectares (or 1.80 

billion hectares or Bha) of croplands of which 1,087,185,109 hectares (1.09 Bha) was rainfed and 

the rest 715,743,899 hectares (0.71 Bha) was irrigated. The data is released through NASAôs Land 

Processes Distributed Active Archive Center (LP DAAC):  

DOI: https://doi.org/10.5067/Community/LGRIP/LGRIP30.00  

The LGRIP30 product can be browsed at full  resolution @:  

https://croplandsdev.users.earthengine.app/view/croplands-dev-internal  
  

https://doi.org/10.3133/pp1868
https://lpdaac.usgs.gov/news/release-of-gfsad-30-meter-cropland-extent-products/
https://lpdaac.usgs.gov/news/release-of-gfsad-30-meter-cropland-extent-products/
https://lpdaac.usgs.gov/products/gfsad1kcdv001/
https://lpdaac.usgs.gov/products/gfsad1kcmv001/
https://lpdaac.usgs.gov/products/gfsad1kcmv001/
https://doi.org/10.5067/Community/LGRIP/LGRIP30.00
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II.  Historical  Context and Background Information  
The global food and water security scenario in the twenty-first century will  be an extraordinarily 

complex one. The population of the world will  continue to balloon and reach 9.7 billion by 2050 

and nearly 11-12 billion by 2100 (UN DESA, 2021). In addition, global daily average calorie 

consumption is expected to rise from 2789 kcal/person/day in the year 2000 to 3130 kcal/per-

son/day by the year 2050 (World Bank, 2022, Bodirsky et al., 2015, FAO 2012b). These consump-

tion figures may rise even higher if  traditionally low meat consuming nations start increasing meat 

consumption enabled by economic growth. Food habits of people are diversifying considerably 

(e.g., rice, wheat, or maize only to a mix of rice, wheat, maize, pulses, fruits, and vegetables). At 

the same time, about 30 to 50% of the food produced globally is wasted (UNEP, 2021, IME, 2013). 

Added to all these already daunting needs are the food security challenges from the COVID-19 

pandemic, the Russia-Ukraine conflict, and related supply-chain disruptions. COVID-19 lock-

downs and wars are heavily impacting food production and trade mechanisms for all leading 

cropland countries. For example, the 10 largest countries  in terms of cropland area as a percentage 

of the total global net cropland area or GNCA (1.873 Bha), in order of ranking, were: India (179.8 

Mha, 9.6%); United States (167.8 Mha, 8.95%); China (165.2 Mha, 8.82%); Russia (155.8 Mha, 

8.32%); Brazil (64 Mha, 3.42%); Ukraine (43.4 Mha, 2.32%); Canada (42.9 Mha, 2.29%); Argen-

tina (38.4 Mha, 2.05%); Indonesia (37.4 Mha, 2.0%); and Nigeria (35.7 Mha, 1.91%) (Thenkabail 

et al., 2021). These 10 countries have 50% (937 Mha) of the GNCA; four of them (India, United 

States, China, and Russia) alone encompass 670 Mha (36% of the GNCA) (Thenkabail et al., 

2021). Given that twenty-first century food consumption is heavily dependent on the global sup-

ply-chain and all these leading global cropland countries are affected by these disruptions, many 

experts have already warned of the grave consequences of these distressing events and the associ-

ated disruptions to food productions and supply-chains (Glauber and Laborde, 2022). The United 

Nationôs Food and Agriculture Organization has noted the potential grave danger to global food 

supply because of war and pandemic related supply-chain issues. Ukraine and Russia together 

produce nearly 30 percent of the worldôs traded wheat with 26 countries getting more than half of 

their wheat from these two countries (Bourne, 2022). Most of the world depends significantly on 

nitrogen and potassium fertilizers from Russia, Ukraine, and Belarus (Glauber and Laborde, 2022). 

So, the recent war in the region creates a dire situation for global food security and for sustainable 

food prices throughout the world. Further, abandonment and conversion of fertile agricultural 

lands (UN DESA, 2021), migration of rural to less productive urban/peri-urban agriculture (UN 

DESA, 2021), climate change related droughts (Teluguntla et al., 2017, Thenkabail and Wu, 2012), 

the need to decrease agri-food system related greenhouse gas emissions (Tubiello et al., 2021, 

Boden et al., 2017, Vermeulen et al., 2012), and the ballooning global population are all exacer-

bating food insecurity. 

 

Additionally, global food and water security challenges are tightly intertwined. In a changing cli-

mate, the quantity and quality of surface and ground water are decreasing. Demands for agricul-

tural and alternative uses (e.g., industrial, ecological) of water are simultaneously increasing. Add-

ing to this complexity, urban migration and climate change related precipitation extremes neces-

sitate new infrastructure to maintain water availability for new cropland. Thus, 30m (field scale 

where 1 pixel = 0.09 hectares) cropland products, including their intensity and irrigation status, 

are needed to monitor change and aid decision-making for issues of global food and water security. 
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GFSAD will  make significant contributions to the Earth System Data Records (ESDRs), the Group 

on Earth Observations (GEO) Agriculture and Water Societal Beneficial Areas (GEO Ag. SBAs), 

and the GEO Global Agricultural Monitoring (GEOGLAM ). All  data will  be released through LP 

DAAC, such as, for example, our recent releases 

1. Global cropland extent product @ 30m (GCEP30) 

https://lpdaac.usgs.gov/news/release-of-gfsad-30-meter-cropland-extent-products/  

2. Global crop dominance product @ 1 km: 

https://lpdaac.usgs.gov/products/gfsad1kcdv001/ 

3. Global cropland mask product at 1 km: 

https://lpdaac.usgs.gov/products/gfsad1kcmv001/ 

 

All  the above studies and products indicate global agricultural land and water in the 21st century 

will  be in a constant state of flux (You and Sun, 2022) requiring us to understand, model, map, 

and monitor these changes over space and time rapidly, routinely, and accurately year after year. 

This challenge invariably calls for very comprehensive global food security-support analysis data 

(GFSAD) products at fine spatial resolution representing field-scale (30m or better) routinely and 

accurately covering the entire Earth. Hence, the overarching goal of this project is to produce 

GFSAD models, maps, and monitoring tools using machine learning algorithms (MLAs) on cloud 

computing platforms with the ability to handle multi-satellite, multi-sensor remotely sensed big-

data, leading to a comprehensive set of global cropland products. In this regard, we have developed 

and released the worldôs highest resolution Landsat derived global cropland extent product @ 30m 

(GCEP30). This data was released on NASAôs The Land Processes Distributed Active Archive 

Center (LP DAAC) and comprehensive methods, approaches, and results are published in the 

USGS professional paper (Thenkabail et al., 2021) as well as series of journal papers (Gumma et 

al., 2022, Zhang et al., 2022, Xing et al., 2022, Nagaraj et al., 2021, Zohaib et al., 2019, Gumma 

et al., 2019, Oliphant et al., 2019, Teluguntla et al., 2018, 2017, Xiong et al., 2017a, 2017b, Massey 

et al., 2017, 2018, Phalke et al., 2020, Congalton et al., 2017, and Yadav and Congalton, 2018). 

 

However, a comprehensive assessment, modeling, mapping, and monitoring of global food secu-

rity scenario requires multiple cropland products and not limited to cropland extents. As a result, 

we are expanding GFSAD project by adding additional cropland products that include: 

1. Landsat-derived Global rainfed & irrigated product @ 30m (LGRIP30). 

2. Landsat-derived Global cropping intensity product @ 30m (LGCIP30).  

3. Landsat-derived Global crop type product @ 30m (LGCTY30). 

 

This Algorithm  Theoretical Basis Document (ATBD) is focused on Landsat-derived Global 

rainfed &  irrigated  product @ 30m (LGRIP 30) (Table 1). In this ATBD document we will  

provide detailed description of the data, methods, approaches, and results of the LPRIP product 

for the year 2015 (LGRIP30-2015). 

  

https://lpdaac.usgs.gov/news/release-of-gfsad-30-meter-cropland-extent-products/
https://lpdaac.usgs.gov/products/gfsad1kcdv001/
https://lpdaac.usgs.gov/products/gfsad1kcmv001/
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Table 1. LGRIP30. Global Food Security-support Analysis Data (GFSAD) Project Landsat-de-

rived Global Rainfed and Irrigated-Cropland Product @ 30-m (LGRIP30) of the World (GFSAD-

LGRIP30WORLD) for the nominal year 2015. 

Product Name Short Name Spatial 

resolution 

Temporal 

coverage 

Landsat-derived Global Rainfed and 

Irrigated -Cropland Product @ 30-m 

(LGRIP30) 

GFSADLGRIP30WORLD 30-m Nominal 

2015 

Note: Nominal here means that the Landsat-8 16-day data used to produce the product is for two to three years (2014-

2016), but the product is reported as nominal year 2015.  

 

III.  Rationale for  Development of the Algorithms 
During the green revolution era (~1950-2010) the worldôs population rose from 2.5 billion to about 

7 billion because global food security was mainly ensured through a combination of factors: (a) 

cropland expansion from ~300 million hectares to ~1.8 billion hectares (Potapov et al., 2022, 

Thenkabail et al., 2021), (b) irrigation expansion from ~50 million hectares to ~400 million hec-

tares (Siebert et al., 2015), (c) genetic engineering through high yield, fast growing, short-duration 

crops (Lenaerts et al., 2019), (d) cropland intensification from single to double or triple cropping, 

in some irrigated croplands  (Hu et al., 2020, Wu et al., 2018), (e) heavy inputs such as fertilizer 

and nitrogen application (He et al., 2021), and (f) improvements in land management (e.g., level-

ing, drainage) (Viana et al., 2022).  

 

Ensuring food security for ~9.7 billion people by the year 2050 and ~11 billion people by the year 

2100 sustainably will  require a paradigm shift on how our land and water are used for food pro-

duction, referred to as the evergreen revolution, where food security is sustained and assured in 

the years ahead without significant disruption (FAO, 2021a, b; UN DESA, 2021).  Measures to 

achieve this include: (1) increased crop water productivity (more crop per drop; kg/m3) (Foley et 

al., 2019, Rijsberman 2014), (2) improved cropland productivity (more crop per unit of land; 

kg/m2) (Hefferon, 2016), and (3) adaptation to the changing climate (Mekonnen et al., 2021, Tripa-

thi et al., 2016, Gartland and Gartland, 2016). Climate change adaptations include: (i) Climate 

Smart Agriculture (FAO, 2021a, Campbell et al., 2014), (ii)  extreme weather agriculture (Wheeler 

and Lobley, 2021,  Gbegbelegbe et al., 2014), (iii)  drought tolerant agriculture (Enenkel et al., 

2015), (4) advancing urban and peri-urban agriculture (Badami and Ramankutty 2015, Thebo, et 

al., 2014), (5) avoiding allocation of fertile cropland areas to biofuels or urbanization (van Vliet et 

al., 2017, Tripathi et al., 2016), (6) balancing food crops with dairy, meat, and fish (Forster and 

Radulovich 2015), (7) exploring new sources of food (Forster and Radulovich 2015), (8) reducing 

food waste (FAO, 2021a, Girotto et al, 2015), (9) creating food banks during good years (Fuss et 

al., 2015, Fanzo 2015, Wilkinson 2015), (10) maintaining rich biodiversity (Sukara 2014), (11) 

planning virtual croplands (Würtenberger et al., 2006) and virtual water use (Hanasaki et al., 2010), 

(12) precision farming, (13) accurate and cropland mapping for better crop management (Thenka-

bail et al., 2021, Teluguntla et al., 2017, 2015; Xiong et al., 2017b), (14) using geospatial technol-

ogies for improved planning (Potapov et al., 2022, Platonov et al., 2008, Biradar et al., 2009), (15) 

increasing global cropland use intensity through better allocation of nitrogen (N), other fertilizers, 

and irrigation (Hu et al., 2020, Niedertscheider et al., 2016, Odegard and van der Voet 2014), (16) 

increasing cropland use intensity (Gumma et al., 2016), and (17) adapting to low or zero carbon 

agriculture by measures such as increasing no-till  cropland areas (Puigdueta et al., 2021).  
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IV.  Importance of mapping global irrigated  and rainfed areas  
Importance of mapping irrigated and rainfed croplands cannot be overemphasized. First, both ir-

rigated and rainfed areas are water guzzlers since about 80-90% of all human water use goes to-

wards producing food. Irrigated areas consume blue water. That is the water delivered to farms 

through irrigation systems either from surface water (e.g., lakes, reservoirs, tanks, river diversions) 

or ground water resources (e.g., tube wells, open wells). Rainfed areas consume green water. That 

is water coming from direct precipitation (e.g., rainfall, snowfall, soil moisture). Of the 1.873 bil-

lion hectares of global croplands (Thenkabail et al., 2021), roughly 75% is rainfed and 25% is 

irrigated (Siebert et al., 2013, Thenkabail et al., 2012, 2011, 2009a, Biradar et al., 2009, Teluguntla 

et al., 2015, Portmann et al.,2010). Second, accurate estimates of irrigated and rainfed areas are 

lacking because of lack of finer resolution mapping at global level. Given that croplands consume 

overwhelming proportion of human water use, an accurate estimate of crop water use will  require 

accurate estimates of irrigated and rainfed croplands. Third, the productivity of irrigated areas is 

anywhere between 2-5 times higher than rainfed croplands. As a result, 25% global irrigated areas 

produce nearly 40% of the food and the rest 75% of the rainfed croplands produces the rest 60% 

of the food. So, increasing irrigated areas is one solution to increasing global food production for 

the ballooning populations. Nevertheless, it is a complex issue of balancing crop water use, food 

production, and sustainable production systems. Fourth, understanding, mapping, modeling, and 

monitoring irrigated and rainfed areas separately is of great importance to assessing crop water 

productivity, crop productivity, crop water use, and in strategizing food and water security in the 

twenty first century. Rainfed croplands meet about 60% of the food and nutritional needs of the 

Worldôs population and are backbone of the marginal or subsistence farmers. They are increasingly 

seen as better alternative to irrigated agriculture because of its environmental friendliness and sus-

tainability over long periods of time (Biradar et al., 2009). Given that there is large swatch of 

equipped areas of rainfed croplands that have crop low productivity, opportunities to increase food 

production in these croplands by utilizing modern technologies of genetic engineering, low water 

consuming crops, and shorter crop growing seasons even by a small margin will  lead to large 

quantities of food.  

 

In post-second World War era and subsequent de-colonization, there was great thrust is irrigation 

infrastructure development throughout the world, but specifically in Asia. Globally, the irrigated 

landscape remains very dynamic. Although the annual rate of increase of irrigated areas has 

slowed to about 1 %, this still represents an increase of between 2 and 3 million hectares each 

year. There is a smaller corresponding annual loss of irrigated area to salinity and water logging 

as well as abandonment of uneconomic projects.  Countries such as China and India continue to 

build large multi-purpose dam projects that also supply water for irrigation. In sub-Saharan Af-

rica irrigation is perennially seen as having unfulfilled potential. Elsewhere in the world there are 

moratoria on dam building and even the decommissioning of dams in the western USA. In map-

ping rainfed and irrigated areas, we ask some key questions, that include:  

1. How much irrigation or rainfed cropland areas do we have now? 

2. How much do we need in the future to meet food and nutritional security of growing pop-

ulations? 

3. How do we achieve the above through sustainable development and by preserving envi-

ronment and climate balance? 

4. How much blue water and green water does it require, and will  this be available, especially 

in a scenario of alternative water demands? 
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5. How does the scenario change in demographic changes where much of the world will  be 

urbanized and massive numbers of rural population will  move out of agriculture? 

 

1. Producing a coarse-resolution nominal 1-km irrigated  and rainfed cropland prod-

uct of the world  as a mask for  the higher resolution products 
Currently, the highest resolution irrigated and rainfed cropland products derived from remote sens-

ing are at nominal 1-km spatial resolution (Figure 1) derived by fusing several existing products 

and discussed in detail by (Teluguntla et al., 2016, 2015; Table 2).  Many existing products (Table 

2) were carefully analyzed (Teluguntla et al., 2016, 2015) and a synthesis map was produced (Fig-

ure 1). This led to a disaggregated five class global cropland extent map derived at nominal 1-km 

(Figure 1, Table 2) derived primarily based on four major studies: Thenkabail et al. (2009a, 2011), 

Pittman et al. (2010), Yu et al. (2013), and Friedl et al. (2010). These products use SPOT Vegeta-

tion, AVHRR, and several other ancillary data as described in those publications. Class 1 to Class 

5 (Figure 1) are cropland classes, that are dominated by irrigated and rainfed agriculture. However, 

class 4 and Class 5 have ONLY minor or very minor fractions of croplands. Refer to Table 3 for 

cropland statistics of this map. The class 1 ñIrrigation majorò (Figure 1, Table 3) are irrigated by 

large reservoirs created by large and medium dams, barrages, and even large ground water pump-

ing. The class 2 ñIrrigation minorò (Figure 1, Table 3) are areas irrigated by small reservoirs, irri-

gation tanks, open wells, and other minor irrigation. However, it is very hard to draw a strict 

boundary between major and minor irrigation and in places there can be significant mixing. So, 

when major irrigated areas such as the Ganges basin, Californiaôs central valley, Nile basin etc. 

are clearly distinguishable as major irrigation, in other areas major and minor irrigation may inter-

mix. Table 3 provides the proportion of areas (counted as 1-km pixels) occupied by each of these 

classes. A detailed description on how this fusion product of irrigated and rainfed at nominal 1 km 

resolution (e.g., Figure 1) was produced is presented in Teluguntla et al. (2016) and hence wonôt 

be repeated here. This cropland mask product was also released on NASAôs LP DAAC: 

https://lpdaac.usgs.gov/products/gfsad1kcmv001/   

 

The 5-class Figure 1 is finally aggregated into 2-class irrigated and rainfed map (Figure 2). Figure 

2 provides the global rainfed and irrigated-area product @ 1000m (GRIP1000) derived using 

SPOT-vegetation, AVHRR, and ancillary data (Teluguntla et al., 2016, Thenkabail et al., 2012, 

2011). GRIP1000 forms a preliminary mask-layer for production of finer resolution irrigated and 

rainfed cropland products. This we do by:  

 

First, starting with GRIP1000 (Figure 1, 2; Teluguntla 2016, 2015) to produce MODIS 250m 

time-series data derived global irrigated and rainfed cropland product of the world (MGRIP250; 

Figure 3, 4, 5, 6, 7).  

 

Second, starting with MGRIP250 (Figure 3, 5, 7) to produce Landsat 30m time-series data de-

rived global irrigated and rainfed cropland product of the world (LGRIP30). The LGRIP30 is the 

product that will  be produced during this work.  

 

Coarse-resolution products GRIP1000 (Figure 1, 2) and MGRIP250 (Figure 3, 5, 7) are invaluable 

baseline starting point products in ultimately deriving LGRIP30. To re-iterate, the final goal is to 

produce LGRIP30. But we do that by first starting with GRIP1000, followed by producing an 

interim MGRIP250 and finally producing LGRIP30.  

https://lpdaac.usgs.gov/products/gfsad1kcmv001/
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Table 2. State-of-the art global cropland mapping using satellite remote sensing  

 

Sno Name
*

Institution
**

Sensors
*** Resolution, Nominal Time, Nominal  Classes Reference

(meters) (year)

A. Global cropland products

1 GCEP30 USGS Landsat 7 & 8 30 2021 Croplands Thenkabail et al. (2021)

2 UCL UCDL Multiple 250 2010 Croplands, irrigated, rainfed Waldner et al. (2016)

3 MODIS Cropland SDSU & UMD MODIS 250 2000 Croplands Pitman et al. (2010)

4 GRIPC BU MODIS 500 2005 Croplands, irrigated, rainfed Salmon et al. (2015)

5 GFSADCD1KM USGS AVHRR 1000 2010 Crop dominance, irrigated, rainfedThenkabail et al. (2012)

6 GFSADCM1KM USGS AVHRR, MODIS, Landsat 1000 2010 Croplands, irrigated, rainfed Teluguntla et al. (2015)

7 GIAM IWMI AVHRR, SPOT VEG 1000-10,000 2000 Croplands, irrigated Thenkabail et al. (2009)

8 GMRCA IWMI AVHRR, SPOT VEG 1000-10,000 2000 Croplands, rainfed Biradar et al. (2009)

9 MIRCA2000 UB 10,000 2000 Croplands. irrigated Portman, Seibert & Doll (2009)

10 SAGE-Crop UW 100,000 2000 Croplands, crop dominance Monfreda, Ramankutty & Foley (2008)

11 SAGE-Agri UW 100,000 2000 Croplands, crop dominance Ramankutty et al.(2008)

B. Global LULC products in which cropland classes exist

12 WorldCover10V2 ESA Sentnel-2 10 2021 LULC Zanaga et al. (2022)

13 WorldCover10V1 ESA Sentnel-2 10 2020 LULC Zanaga et al. (2021), Karra et al. (2021)

14 Globeland30 NGCC Landsat 7 30 2010 LULC Chen et al. (2015)

15 FROM-GLC CAS Landsat 7 30 2000 Croplands Yu et al. (2013)

16 FROMGC CESS Landsat 7 30 Circa 2010 LULC Gong et al. (2013)

17 CGLS-LC100 Copernicus PROBA-V 100 2015 LULC Buchhorn et al.(2020)

18 MODIS-JRC JRC/MARS MODIS, Landsat 250 2009 LULC Vancutsem et al. (2012)

19 Globcover ESA MERIS 300 2005, 2009 LULC Defourny et al. (2009)

20 MCD12Q1 NASA MODIS 500 2004 - now LULC Leroux et al. (2014)

21 GLC BU MODIS 500 LULC Friedal et al. (2010)

22 DISCover USGS AVHRR 1000 1992-93 LULC Loveland et al.(2000)

23 LULC 2000 USGS AVHRR 2000 2000 LULC Soulard et al. (2014)

24 GLC 2000 JRC SPOT 1/112° 2000 LULC Fritz et al. (2010)

Note:

* = GCEP30= Global cropland extent product@30m; UCL = Unified Cropland Layer; GFSADCM1KM= Global Food Security-Support Analysis Data Cropland Mask @ 1-km; 

GRIPC= Global Rainfed, Irrigated, and Paddy Croplands;GFSADCD1KM= Global Food Security-Support Analysis Data Crop Dominance @ 1-km;

 MIRCA2000= Global monthly irrigated and rainfed crop areas around the year 2000; GIAM- Global Irrigated Area Map; GMRCA= Global Map of Rainfed Cropland Areas;

 SAGE= Center for Sustainability and the Global Environment;LULC = land use and land cover: MCD12Q1= MODIS Land Cover Type product;

 FROM-GLC = Fine Resolution Observation and Monitoring of Global Land Cover;FROMGC = Finer Resolution Observation and Monitoring of Global Land Cover 

CGLS= Copernicus Global Land Cover Layers; MODIS-JRC = MODIS Joint Research center; GLC = Global Land Cover.

** = UCDL = Université Catholique de Louvain, Belgium; USGS = United States Geological Survey; BU = Boston University SDSU = South Dakota State University.

UMD = University of Maryland; UB = University of Bonn; IWMI= International Water Management Institute; UW = University of Wisconsin.

NGCC = National Geomatics Center of China;  NASA = National Aeronautics and Space Administration; CAS = Chinese Academy of Sciences.

MARS = Monitoring Agricultural Resources; ESA =  The European Space Agency.

*** = AVHRR = Advanced Very High Resolution radiometer; MODIS = Moderate Resolution Imaging Spectroradiometer; SPOT = Satellite Pour lôObservation de la Terre 

MERIS = Medium-Spectral Resolution, Imaging Spectrometer; Proba-V sensor is a European follow-on to the SPOT VGT mission



10 
 

 
Figure 1. GRIP1000-5class map. A 5-class SPOT-Vegetation, AVHRR, and other ancillary data 

derived global rainfed and irrigated-area product @ 1000m (GRIP1000) developed using multiple-

satellite sensor time-series data and ancillary data as reported in Teluguntla et al. (2016, 2015). 

The proportion of pixels distributed for each class in Shown in Table 3.  

 

Table 3.  GRIP1000-5classes and areas. Cropland area distribution of 5-class global rainfed and 

irrigated-area product @ 1000m (GRIP1000) (Teluguntla et al., 2016, 2015) shown in Figure 1. 

 

 
 

 

 

 1 

 2 

Class# Class Description  Pixels Percent 

# Names 1 km % 
1 1.Croplands, irrigation major  3091988 13 

2 2.Croplands, irrigation minor  4810869 21 

3 3.Croplands, rainfed  11733044 50 

4 4.Croplands, rainfed minor fragments 3858035 16 

5 5.Croplands, rainfed very minor fragments 13700176  

 Class 1 to 4 total 23493936 100.0% 

1= approximately 2.3 billion hectares (class 1 to 4 ) of cropland is estimated. But this is full pixel 

area. Actual area is = sub-pixel area (SPA). The SPA is not estimated here. See Thenkabail et al. 

(2007b) for the methods for calculating SPAs. 
2 = % calculated based on Class 1 to 4.  
3= Class 5 is  very minor cropland fragments 
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Figure 2. GRIP1000-2class map. An aggregated 2-class SPOT-Vegetation, AVHRR and other ancillary data derived global rainfed 

and irrigated-area product @ 1000m (GRIP1000) developed using multiple-satellite sensor time-series data and ancillary data as reported 

in Teluguntla et al. (2016, 2015). This map is derived by aggregating the 5-class map shown in Figure 1. Based on the pixel proportion, 

27% of the pixels are under irrigated areas and the rest 73% are under rainfed areas.   
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2. Producing a coarse-resolution nominal 250-m irrigated  and rainfed cropland prod-

uct of the world  as a mask for  the higher resolution products 
 

Using the 1-km (1 pixel = 100 hectares) global rainfed and irrigated-area product (GRIP1000; 

Figure 1, 2; Teluguntla et al., 2016, 2015; Thenkabail et al., 2012, 2011, Biradar et al., 2009), we 

developed the next higher-level product. This next higher-level product is called the Moderate 

Resolution Imaging Spectroradiometer (MODIS) time-series data derived global rainfed and irri-

gated-area product at 250m (1 pixel = 6.25 hectares) or MGRIP250. These two interim products 

that further led to a Landsat satellite-derived 30 m (1 pixel = 0.09 hectares) global rainfed and 

irrigated-area product at 30m (LGRIP30). We will  fist discuss the MGRIP250 that will  lead to 

LGRIP30.  

 

At 250m two global cropland products were produced using methods and approaches discussed in 

Teluguntla et al. (2016, 2015), and Thenkabail et al. (2012, 2011, 2010, 2009a, 2007, 2005). These 

products are: 

1. MODIS-derived 11-class global irrigated-area product @ 250m (MGIP250-11 class; Fig-

ure 3) developed using MODIS 250m time-series data for the nominal year 2015. The 

signature of these 11 classes are shown in Figure 4. 

2. MODIS-derived 13-class global rainfed-area product @ 250m (MGRP250-13 class; Fig-

ure 5) developed using MODIS 250m time-series data for the nominal year 201. The sig-

natures of these 13 classes are shown in Figure 6. and 

3. The above two products were merged to produce an aggregated 2-class MODIS-derived 

250m global rainfed and irrigated-area product (MGRIP250-2 class) (Figure 7). 

 

The MGIP250-11 class irrigated area product (Figure 3, 4) has: 

1. Four irrigated single cropland classes of different types. 

2. Four irrigated double cropland classes of different types. 

3. Two continuous irrigated cropland classes of different types; and 

4. One fallow irrigated cropland class. 

 

The MGRP250-13 class rainfed area product (Figure 5, 6) has: 

1. Eight rainfed single cropland classes of different types. 

2. Three rainfed double cropland classes of different types. 

3. One continuous rainfed cropland class; and 

4. One fallow rainfed cropland class. 

 

Each of these classes show where geographically they occur (Figure 3, 5) and what their pheno-

logical signatures during a calendar year (Figure 4, 6). 

 

The MGIP250-11 class irrigated product and the MGRP250-13 rainfed class product were aggre-

gated to produce a simplified 2-calss composite MGRIP250-2 class rainfed and irrigated of the 

world (Figure 7). This MGRIP250 (Figure 7) will  form stepping-stone baseline product for 

higher level Landsat-derived Global Rainfed and Irrigated-Cropland Product @ 30-m 

(LGRIP30) of the World (GFSADLGRIP30WORLD).  We will  discuss this LRIP30 product of 

the world (GFSADLGRIP30WORLD) thoroughly in this publication.
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Figure 3.  MGIP250-11 class irrigated  area product (see signatures of these classes in Figure 4). A MODIS-derived Global irri-

gated-area product @ 250m with 11 classes (MGIP250-11class) developed using MODIS 250m time-series data for the nominal year 

2015.  The Moderate Resolution Imaging Spectroradiometer (MODIS) normalized difference vegetation index (NDVI)  signatures of 

these 11-classes are shown in Figure 4.
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Figure 4.  MGIP250-11 class irrigated  area product signatures (for  map of these 11 classes 

see Figure 3). Mean time-series Moderate Resolution Imaging Spectroradiometer (MODIS) nor-

malized difference vegetation index (NDVI)  signatures of the 11-classes of global irrigated-area 

product @ 250m (MGIP250-11 class) map shown in Figure 3. 
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Figure 5. MGRP250-13 class rainfed area product (for  signatures of these 13 classes see Figure 6). A MODIS-derived 13-class 

Global rainfed-area product @ 250m (MGRP250) developed using MODIS 250m time-series data for the nominal year 2015.  The 

Moderate Resolution Imaging Spectroradiometer (MODIS) normalized difference vegetation index (NDVI)  signatures of these 13-clas-

ses are shown in Figure 6.  




























































































































































